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Abstract 
Experimental research on co-combustion characteristics of Huadian oil shale and its semi-coke was conducted on a 
bench of Circulating Fluidized Bed (CFB). The distribution of temperatures along furnace of the pilot was obtained. 
The factors that affect the temperature were analysis. The results showed that the blend fuel with 20% oil shale mixed 
with 80% semi-coke will suit for CFBC and the fluidized air ratio is less than 66.7%. The experiment also proved that 
bottom ash and fly ash could be utilized as build material for all conditions. 
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1.  Introduction 
Oil shale (OS) is defined as a sedimentary rock containing solid, combustible organic matter in a 
mineral matrix. The proved reserves allover the world is enormous, being many times greater than the 
proved remaining resources of crude oil and natural gas [1]. The estimated resources of OS in China are 
approximately 2 trillion tones, which are equivalent to eighty billion tones of shale oil. It is only next to the 
United States, Brazil and Estonia, and ranked the 4th in the world. At present, the discovered reserves of 
OS are about 32 bn.t and mainly distributed over 55 deposits located in many provinces such as Jilin, 
Guangdong and Liaoning. The discovered reserves in Jilin province are up to 17.676 bn.t, accounting for 
56% of the national total. Now a comprehensive OS utilization project is being established in Huadian city 
Jilin province [2]. In this project, semi-coke (SC) of oil shale combustion in a CFB boiler is the key process. 
The solid by-product of OS after retort is semi-coke, which is composed of many chemical components. 
In oil shale retort factory, large amounts of SC are produced and stored as ash piles. Due to the presence of 
several toxic compounds like water-soluble phenols, sulphide, sulphur, PAH, etc., SC is a source of severe 
environment pollution and is classified as a dangerous waste. High and progressively growing waste taxes 
would cause economic problems in shale oil production [3]. The specific heating value of SC is different for 
different deposits and the average is about 4.0 MJ/kg. Therefore, one of the main problems of oil shale 
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industry is how to deal with SC effectively. In recent years, more attention has been paid to utilize the 
remaining energetic potential of SC. Now a common agreement has been reached [4]. SC mixing with oil 
shale could be fed to CFB boilers to alleviate environment pollution and recover energy. 
This study presents the results of the co-combustion experiments of OS and its SC in a CFB bench. It 
could provide base data for large scale CFB design and operation. 
2.  Experiment  
2.1 Introduction of CFB bench 
The experiments were conducted on a CFB combustion bench (Fig.1). The experimental system is 
composed of combustion reactor, cyclone, loop-seal, fuel (OS, semi-coke) feeder, fly ash collector, and 
flue gas system. The combustion reactor is separated for two zones. Density zone is made of heat-resistant 
alloy steel(98) and dilute zone is made of the same material(108). The total height of the bench is 9 m 
from air distributor[5].  
The fluidized air is preheated to the OS ignition temperature with an electricity heater and injected 
through the air distributor to heat bed material. OS and its SC are fed into the furnace by screw feeders. 
The secondary air is injected through the place located 1.1m above air distributor. The CFB bench is 
equipped with data collector for continuous measurement of temperature and pressure drops at different 
heights in the reactor. The major gas components of the exhaust gas are analyzed by MRU95/3CD. Bottom 
ash and fly ash samples are taken out for particle size distribution and fixed carbon content. 
 
1. Forced fan 2.Wind chamber 3. Air distributor 4. Secondary air 5. 
Loop seal 6.Feeding system 7. Temperature and pressure measuring 
points 8.combustion reactor 9.Cyclone 10.Flue gas duct 11. Baghouse 
collector 12. Flue gas analysis system 
Fig.1  scheme of thermal-state CFB combustion bench 
2.2 Experiment samples 
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Tab.1 Sample labels 
Number R1 R2 R3 R4 
fuel Oil shale Semi-coke r=8:2 r=9:1 
Raw sample of oil shale is collected from Huadian of Jilin Province, China. And its semi-coke(SC) is 
obtained after the raw samples pyrolysised with temperature of 500ć.The blending samples in different 
weight ratios (SC/OS) of 0:1,1:0, 8:2 and 9:1 were labeled as R1,R2,R3 and R4 respectively(shown in 
Tab.1). Proximate and ultimate analysis of oil shale and semi-coke are shown in tab.2. The distribution of 
particle size is given in fig. 2. Experiment conditions are listed on tab.3.  
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Fig.2 Distribution of particle size 
3.  Experiment Results And Discussion 
3.1 Bed temperature 
Bed temperature is one of the key parameters in CFB. It has a significant impact on the combustion 
efficiency, heat transfer, desulfurization and the boiler’s overall operation performance [6]. When burning 
with three types of fuel (labeled as R2, R3 and R4) and stable operating for some time, bed temperatures 
reach 842.7 , 851.6  and 863.7 ć ć ć respectively. It means that fuel type has a certain impact on the bed 
temperature. The higher calorific value of fuel is, the higher bed temperature reaches. However, bed 
temperature can also be maintained at about 850  if ć  
appropriate adjustment is adapted such as coal feeding, fluidized air ratio, secondary air ratio, solids 
circulation rate etc. It is the optimal temperature for CFB operating and for the desulfurization of bed. 
3.2 Furnace temperature distribution 
Fig.3 shows the temperature distribution along the ascending direction of the furnace. When burning 
with different types of fuel, the regulation of temperature distribution is also different. The temperatures 
are above 800ć in the range of 0-4m along furnace height above air distributor and in the range of 550-
700ć in outlet of furnace respectively. Bed temperature of dense-phase zone is 850  or so,ć  mostly as the 
same as that of burning conventional fuels. Along furnace height in the range of 1-3m, the temperature is 
higher, indicating combustion is intense in this area. Secondary air is sent into the furnace at 1.1 meters 
above air distributor to mix oxygen with combustible material thoroughly. Therefore temperatures in this 
area could be maintained at a higher level. 
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The solid circulating temperature changes very sharply in different operating conditions, from 310  ć
to 619 . This is mainly caused by ć calorific value of fuel blends. To maintain bed temperature at a high 
level when burning with semi-coke, less fluidized air is needed [7,8]. As a result, less heat flue gas is brought 
into upper of furnace, resulting in low temperature of the solid circulation temperature, and vice verse. At 
the same time, lower circulating ratio must be controlled to avoid bed temperature decrease. This indirectly 
reduces solid combustible material into the dilute-phase zone, so that the furnace temperature further 
reduces, and the returning temperature also drops down. The rate of primary air has an effect on furnace 
temperature distribution. Raising the rate of primary air, the number of material particles into the dilute 
region increases, so that more heat is brought to the upper furnace, and the outlet temperature of furnace 
increases, resulting in solid circulating temperature going up.  
Besides, outlet temperature of the separator is slightly higher than that of inlet, indicating that fuel 
particles continue to burn in the separator. While, the solid circulating temperature is significantly lower, 
indicating that circulating ash did not occur fully combustion in the feed legs reaction, as shown in Fig. 4. 
Tab.2 Proximate and ultimate analysis of OS and SC 
 Proximate analysis/% Ultimate analysis/% Qar, net(kJ/kg) Ma r Vat Aar FC Car Har Nar Sar 
R1 13.49 23.34 67.62 1.29 16.73 3.89 0.53 0.9 5616.9 
R2 1.3 16.67 74.72 8.31 14.53 0.27 0.26 0.35 3697.8 
R3 3.738 18.004 73.3 6.906 14.97 0.994 0.314 0.46 4081.6 
R4 2.519 17.337 74.01 7.608 14.75 0.632 0.287 0.405 3889.7 
Tab.3 Experiment conditions 
Condition Fuel label Primary air ratio (%) Primary air temperature(ć) 
1 R3 50 12.4 
2 R3 66.7 8.1 
3 R4 50 11.2 
4 R4 66.7 9.5 
5 R2 66.7 12.1 
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Fig.3 Temperature distribution along the ascending direction of the furnace 
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Fig.4  Temperature distribution of material circulation loop 
3.3 Effect of primary air ratio on combustion temperature distribution 
Fig.5 reflects the effects of the primary air ratio on combustion temperature distribution. In the 
experiments, for different mixing ratio of fuel, the temperature in the dense-phase zone decreases as 
primary air ratio increasing, and the temperature difference between dense-phase zone and dilute phase 
zone reduces; The temperature along furnace height tends to be more uniform. For the pure semi-coke 
burning, the temperature difference becomes large, and the temperature distribution is not ideal. 
As the primary air ratio increasing, the oxygen concentration in the dense-phase zone increases. The 
combustion atmosphere transfers from deoxidize state to oxidation one. Therefore more heat is released. At 
the same time, with the fluidization velocity increases, more fuel particles are brought into dilute-phase 
zone, correspondingly the share of combustion of dense-phase zone reduces and that of dilute-phase zone 
increases. As a result, the temperatures of dense-phase zone and dilute-phase zone tend to be more uniform. 
The effect of the primary air ratio on combustion is a combination of these two results. For different fuels 
and operating conditions, the role of these two aspects has different levels, leading to the effects of primary 
air ratio on the temperature field are also different. 
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(c) R2˄Semi-coke˅ 
Fig.5  Effect of primary air ratio on furnace temperature 
For burning with large particles and high volatile fuel, the share of combustion in dense-phase zone 
increases when the primary air ratio increases, so that the temperature increases; While oil shale semi-coke 
is a fine-grain, low-volatile fuel. As the primary air ratio increasing, more and more fine fuel particles into 
the dilute-phase zone. Therefore, the temperature between the dense-phase zone and dilute-phase zone 
tends to be more uniform. 
Because of the low calorific value of semi-coke, the temperature difference between dense-phase zone 
and dilute-phase zone is larger as pure semi-coke combustion. In addition, the amount of material 
circulation is small in semi-coke combustion process, and less heat is brought into the dilute-phase zone. 
Therefore the temperature difference between dense-phase zone and large dilute-phase zone increases 
further. When burning pure semi-coke, the changing conditions combustion in furnace is relatively difficult 
to control under the situation of a stable combustion.  
Besides, in experiment, the carbon contents in samples of fly ash and bottom ash of CFB bench are 
both less than 5%, which can be used to produce building materials directly. 
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4.  Conclusions  
Through the co-combustion of oil shale and its semi-coke in CFB bench, it proved that Huadian oil 
shale semi-coke could be perfect and stable combustion. Oil shale ash was suitable for building materials. 
Mixing with a certain proportion of oil shale in semi-coke could optimize the combustion condition and 
improve combustion efficiency.  
1. The design of CFB bench is more reasonable. Through all types of fuel combustion in the 
experiment, it also proved a great performance for fuel adaptation and operational characteristics.  
2. Huadian oil shale semi-coke combustion in bench proved that it was entirely possible that pure oil 
shale semi 
-coke was used for circulating fluidized bed combustion, which provided a strong basis for oil shale semi-
coke industrial applications.  
3. Primary air rate in circulating fluidized bed should not be too low as oil shale semi-coke combustion, 
and the fluidized-bed under 66.7% of the primary air-rate has better characteristics and combustion 
efficiency.  
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